Objectives-The combination of high psychological job demands and low decision latitude (high job strain) has been associated with an increased risk of coronary heart disease. It has been proposed that this may also be the case for low social support at work. The aim of this study was to analyse the relations between these psychosocial factors and incidence of myocardial infarction. Methods-Associations between psychosocial work characteristics and incidence of myocardial infarction was investigated through a population based case-control study. The study base comprised employed men and women in five Swedish counties during the years 1976-84. Cases of first myocardial infarction were identified from hospital discharge registers and death records from outside hospital, controls were selected through a random sample, and psychosocial work environment was assessed through a job exposure matrix on the basis of the occupation in the 1970 and 1975 censuses. Results-An increased incidence of myocardial infarction was found for men and women in occupations characterised by low decision latitude. For men this increase was seen primarily in combination with high psychological demands (high job strain) and low social support at work. Younger men (30-54 years of age) in occupations with both high job strain and low social support at work had a relative risk of 1.79 (95% confidence interval (95% CI) 1.22 to 2.65) compared with subjects in low strain and high social support jobs after controlling for age, county of residence, and socioeconomic group. Conclusions-Our results indicate that jobs characterised by low decision latitude, high job strain, or low social support at work may be associated with an increased risk of acute myocardial infarction. If these associations are causal they may be of substantial importance from the point of view of workers' health. (Occup Environ Med 1998;55:548-553) 
There is a growing interest in the role of the psychosocial work environment for the development of coronary heart disease. About 15 years ago a model of psychological demands and decision latitude was introduced by Karasek. 1 According to this model, which has been used in several studies, a high strain job is characterised by high psychological demands in combination with low decision latitude. Schnall et al, in their review of the literature, found in most studies an increased risk of cardiovascular disease or all cause mortality for subjects in high strain occupations compared with subjects in other occupations. 2 In studies where job strain has been related to coronary heart disease, a positive association has in general been found. [3] [4] [5] [6] [7] [8] [9] [10] [11] Some of these studies, however, used information from prevalent cases or failed to control for potential confounding from factors such as smoking habits, dietary habits, and physical activity, thus complicating interpretations of causal associations of these findings. In a recent study based on the national health and nutritional examination (NHANES1) survey, high work control was associated with a low incidence of coronary heart disease, but no relation was found between job strain and coronary heart disease. 12 The possible influence of social support at work on cardiovascular disease has only been investigated to a limited extent. An increased prevalence of cardiovascular disease for subjects with low social support at work and an increased overall mortality associated with low social support at work combined with job strain has been reported. 13 14 In a recent study based on a 14 year follow up of Swedish men, low social support at work, considered as an individual variable, was not strongly related to increased mortality from cardiovascular disease. 15 However, workers with low social support at work combined with low work control had highly increased cardiovascular mortality. The aim of the present study was to investigate job strain and social support at work, separately and in combination, relative to incidence of myocardial infarction.
Subjects and methods
The study base comprised the population from 30 to 64 years of age in four rural Swedish counties from 1976 to 1981 and in Stockholm County from 1976 to 1984. The relation between psychosocial work environment and myocardial infarction was studied by casecontrol methods. Cases of myocardial infarction were identified through the combined use of hospital discharge registers and death records in accordance with a method that was developed and evaluated previously. 16 17 To classify infarctions as first or recurrent events, additional information from the hospital discharge registers was used. For each case, two random controls were selected from the study base, stratified by sex, age (5-year age groups), and year of hospital admission or death of the cases. For the selection of these controls we used registers of the total population for each year throughout the study period.
Information about occupation and some other sociodemographic factors was obtained from the 1970 and the 1975 censuses by record linkage. In this linkage, 99% of the cases and the controls were found in the census data. Occupation was coded in the census data according to the Nordic modification of the three digit international standard classification of occupations. Cases and controls were classified into the socioeconomic groups unskilled and skilled manual workers and assistant, intermediate, and higher non-manual employees, on the basis of their occupation, in accordance with a method used in the Swedish 1990 census. 18 A description of the identification of cases and controls as well as of the record linkage to the censuses has been given elsewhere. 19 
WORK ENVIRONMENT
To characterise occupational groups by psychosocial work environment, a work organisation exposure matrix (WOM) was used. The matrix has been developed by Johnson et al on the basis of information from Swedish national interview surveys carried out in 1977 and 1979 comprising a total of 12 084 randomly sampled employed subjects from 25 to 74 years of age. This matrix has been described and used in previous studies. 15 [20] [21] [22] [23] Occupations, defined in accordance with the Nordic classification of occupations on the three digit level, were classified in the WOM for psychological demands, decision latitude, and social support at work. Psychological job demands was measured through two items in the National surveys: is your job hectic?, and is your job psychologically demanding?. Decision latitude was measured through 11 items including diVerent aspects of the work situation: monotony, possibilities to learn new things, and personal fulfilment at work. Finally, social support at work was measured by four items dealing with interaction with coworkers at work and outside work. The specific items are given in the appendix.
The WOM calculates separate mean estimates for each of 261 occupational groups in the Nordic occupational classification system. Within each of these three digit occupational title groups separate mean estimates were made for men and women, and for age groups 25-44 and >45. All WOM scores are transformed to a scale from 0-10, with a score of 10 indicating high psychological demands, high decision latitude, and high social support at work. Each subject in this study was assigned a particular WOM score, based on occupation, sex, and age.
In the present study, cases and controls could be classified into the three diVerent work environment factors of interest with the WOM through the occupational title obtained from the two censuses. Thus, exposure could be assessed at two points (1970 and 1975) . The definitions of occupations in WOM were almost identical in the 1970 and 1975 censuses. Because of certain minor diVerences a few cases and controls were excluded.
In the analyses, two approaches were used to categorise psychological demands, decision latitude, and social support at work. These approaches were (a) a division into four categories with quartile scores for cases and controls combined as a cut oV point, and (b) a dichotomisation at the median scores. The results from these two approaches were very similar, and we report only the results from analyses with the dichotomisation as this gave better statistical precision.
High job strain was defined as a combination of high psychological demands and low decision latitude in accordance with the KarasekTheorell model. Thus, exposure to high job strain corresponded with a score above the median on psychological demands and also a score below the median on decision latitude. In the analyses of job strain, subjects in occupations characterised by high psychological demands and low decision latitude (high strain), high psychological demands and high decision latitude (active), low psychological demands and low decision latitude (passive) were compared with subjects in occupations characterised by low psychological demands and high decision latitude (low strain).
The analyses were based on those people who belonged to the same exposure category (defined above) both in 1970 and in 1975. The number of cases and controls varied between the diVerent analyses. Altogether, 10 008 cases of first myocardial infarction (8833 men and 1175 women) and 28 448 controls (24 913 men and 3535 women) were included in at least one of the analyses (table 1) . *Low defined as a score below the median, for cases and controls combined, and high defined as a score above the median. †RR adjusted for age, county of residence, and calendar year.
STATISTICAL METHODS
Odds ratios (ORs) were computed to estimate the relative risk (incidence density ratio; RR) of a first myocardial infarction for subjects in a certain exposure category, compared with subjects in a reference category. To control for confounding from age (5-year age groups), county of residence, calendar year, socioeconomic group and work environment factors, we used stratified analyses in accordance with the Mantel-Haenszel method 24 ; 95% confidence intervals (95% CIs) were computed in accordance with methods suggested by Robins et al.
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Results A higher incidence of myocardial infarction was found among subjects in occupations characterised by low decision latitude than in subjects in occupations with high decision latitude (table 2) . This increase was present among men as well as among women. Subjects in occupations with low social support at work had a higher incidence than subjects with high social support at work in both sexes. No increase in incidence was found for subjects in occupations characterised by high psychological demands.
In analyses of combinations of decision latitude and psychological demands according to the job strain model, an increase in incidence of about 20% was found in both sexes for subjects in occupations characterised by high strain work (high demands and low decision latitude) compared with subjects in low strain occupations (low demands and high decision latitude (table 3) ). Among women there was also a higher incidence for subjects in occupations with passive work (low demands and low decision latitude). Active occupations (high demands and high decision latitude) were not associated with an increased incidence of myocardial infarction either among men or among women. In analyses controlling for age, county of residence, and socioeconomic group the associations between job strain and incidence of myocardial infarction were weaker. Among men the RR for subjects in high strain occupations compared with subjects in low strain occupations was 1.12 (95% CI 0.99 to 1.27). Among women the corresponding RR was 1.09 (95% CI 0.82-1.44).
Men as well as women in occupations characterised by a combination of low social support at work and low decision latitude had an increased incidence of myocardial infarction compared with subjects in occupations with high social support at work and high decision latitude (table  4) . Controlling for socioeconomic group only slightly modified these associations: for men the RR was 1.13 (95% CI 1.00 to 1.27) and for women the RR was 1.51 (1.01 to 2.27). The results for women suggested a lower incidence for subjects in occupations characterised by high decision latitude and high social support at work than women in other types of occupations.
It has been suggested that the relation between job strain and coronary heart disease may be modified by age. 2 In this study we found that in high strain occupations men of 30 to 54 had a 45% higher incidence of myocardial infarction than men in low strain occupations (table 5) . In men 55 to 64 years of age the corresponding increase was 11%. Controlling in the analyses for socioeconomic group yielded an RR of 1.31 (95% CI 1.03 to 1.65) for men 30-54 years of age and 1.05 (95% CI 0.91 to 1.22) for men 55-64 years of age. Also the RRs for low decision latitude and low social support at work were higher for younger than for older men. Notably, the steep increase in background incidence of myocardial infraction with increasing age will result in higher RRs among younger than among older men even when the diVerences in incidence are similar in the two age groups. In the mid-1990s men in Stockholm aged 55-64 had about five times the incidence of first myocardial infarction than men aged 30-54. Age specific analyses for women of associations between psychosocial work environment factors and incidence of myocardial infarction were not meaningful in this study because of small numbers. When social support at work was taken into account in the stratified analyses, the association between being in a high strain job and incidence of myocardial infarction was weaker among men. Among women the results were essentially unchanged (not shown in table). For all men the RR was 1.1 (95% CI 1.0 to 1.3) and for men 30-54 years of age 1.3 (1.0 to 1.7). The RR associated with low social support at work, controlling for psychological demands, and decision latitude was 1.1 for both men and women (95% CI for men 1.0 to 1.2, and for women 1.0 to 1.4). Among younger men the corresponding RR was 1.2 (95% CI 1.0 to 1.5). Table 6 presents results where subjects in occupations characterised by diVerent combinations of psychological demands, decision latitude, and social support at work were compared with subjects in occupations characterised by low demands, high decision latitude, and high social support at work. An increased incidence of myocardial infarction was found in both sexes, primarily for subjects in occupations characterised by low decision latitude. In analyses including all men, a higher incidence was found among subjects in occupations with high job strain, irrespective of the level of social support at work. Similar results were obtained for younger men and for women. For younger men in occupations with high job strain and low social support at work the RR was 1.82. Controlling also for socioeconomic group in the analyses only marginally influenced this estimate (RR 1.79, 95% CI 1.22 to 2.65). Men and women in passive occupations also had an increased incidence of myocardial infarction, particularly when combined with low social support at work. High decision latitude tended to be associated with a higher incidence only in combination with low demands and low social support at work. The occupation type characterised by high decision latitude, low psychological demands, and low social support at work was, however, dominated by building caretakers, and previous studies have indicated that there may be a selection into this occupation of subjects in poor health. 26 
Discussion
A high incidence of first acute myocardial infarction among men and women in occupations characterised by low decision latitude was found in this study. The results indicate that for men a low decision latitude primarily in combination with high psychological demands (high job strain) and low social support at work may increase the risk of acute myocardial infarction.
The results of this study may have been influenced by misclassification of exposure and disease respectively. A misclassification of occupation could be due to false answers in the censuses, coding errors, or errors in the linkage of census information to cases and controls. We used information about occupation from two consecutive censuses, thus the misclassification of occupation was probably small. Furthermore, as information about occupation was obtained from before the observation period, it is likely that any misclassification of occupation was unrelated to subsequent myocardial infarction.
Factors of the psychosocial work environment were measured retrospectively for a large study base with a work organisation exposure matrix. It has been suggested that a work exposure matrix may have the advantage over individual self reports in that it may reduce possible bias due to the person's perception of the work environment. 22 The individual perception may be subject to changes that are influenced by factors irrelevant to the exposure assessment. In this situation the average exposure as perceived by a large group of workers may give a better exposure assessment than individual self reports. However, the use of an exposure matrix introduces a misclassification of exposure for individual people as a job title may be associated with several diVerent work environment conditions. There may also have been a misclassification on the aggregate level because the exposure matrix was developed on the basis of information from subjects other than those included in this study.
Based on a previous evaluation of the WOM in which individual self reports were compared with the matrix scores, it seems likely that the exposure assessment was better for decision latitude than for psychological demands and social support at work. 22 A good correlation between self reports and matrix scores was found for decision latitude, but for social support at work and for psychological demands the correlations were weak. This suggests that within occupations variability for social support at work and psychological demands was not well captured by the matrix. It is likely that the misclassification of exposure was nondiVerential, and this may in part explain some of the weak associations between psychological demands and social support at work to incidence of myocardial infarction in this study.
In the Western Electric study an increased mortality from coronary heart disease for subjects in high strain occupations was found in analyses where several risk factors, including smoking, blood pressure, and serum cholesterol were taken into account, but not when controlling for occupational class. 10 In the present study we found, in general, weaker associations when controlling for socioeconomic group, and among women the association between job strain and incidence of myocardial infarction was not significant in these analyses. These findings could be due to reduced confounding when controlling for socioeconomic group or to smaller actual contrasts in exposure within socioeconomic groups, or both. We found that for decision latitude and for psychological demands the exposure contrasts, measured as the mean difference between the third and the first quartile scores, were smaller in analyses of blue collar workers separately than in analyses of all employed workers. However, for social support at work we found no diVerence in this respect between all employed workers and blue collar workers. This would indicate that reduced exposure contrasts may have contributed to the lower RR estimates in the analyses controlling for socioeconomic group.
In the present study, cases of myocardial infarction were identified through registers. There is practically no loss of deaths in the National Cause of Death Register and the hospital discharge registers covered all hospitals treating acute medical cases in the study areas. The study covered more than 10 000 cases, and it was not possible to control the diagnostic information for all of these. However, 381 randomly selected cases were included in a previous validation study. 27 Analyses of this group indicated that the proportions not fulfilling strict criteria for acute myocardial infarction were similar (<5% diVerences) in comparisons of cases in occupations characterised by high v low psychological job demands, high v low decision latitude, and high v low social support at work. This indicates a basically nondiVerential misclassification of disease which would tend to dilute actual associations.
It has been noted that many infarctions are silent and do not reach medical attention. 28 For obvious reasons silent cases could not be included in this study. The proportion of silent cases may be related to the propensity to seek medical care or to the frequency of health examinations. If there were diVerences of this type between the occupational groups that we compared this may have biased our results.
We included only subjects with the same type of occupation in both 1970 and 1975. Therefore, any health related selection into the occupation must have occurred at least five years before the observation period. This would reduce the risk of a bias due to a health related selection into the type of occupation. However, health selection may still be a problem in this study. For example, the higher incidence found for subjects in occupations characterised by low psychological demands, high decision latitude, and low social support at work, predominantly building caretakers, was most likely due to health selection. 26 The present study was based on data from registers which allowed a large study base. The period covered was 1976-84 and there may have been changes in the work environment in Sweden since that period that could influence the relevance of our results. However, in a recent population based case-control study in Stockholm covering the period 1992-4 similar results were reported for the association between job strain and incidence of myocardial infarction. 29 This would indicate that the results of the present study would not be notably diVerent, at least for job strain, if the study was repeated with more recent data.
An important shortcoming of this study was that the registers that were used in the data collection did not contain information on several potentially confounding factors. It is possible that diVerences in smoking habits, dietary habits, physical activity, or other factors may have been of importance for the associations found between factors of the psychosocial work environment and incidence of myocardial infarction. However, in some previous studies 5 7 10 the association between job strain and incidence of myocardial infarction or mortality from coronary heart disease has remained after controlling for the main risk factors of coronary heart disease. In the recent Swedish case-control study, self reported job strain was associated with a 40% increase in the incidence of first myocardial infarction (95% CI 1.0 to 1.8) after controlling for age, smoking, and several biomedical risk factors for coronary heart disease. 29 If the associations between factors of the psychosocial work environment and incidence of myocardial infarction found in the present study are causal, they may be of importance from the point of view of workers' health. The methods used for exposure assessment in this study were crude and may well have contributed to underestimates of actual associations. It is our view that further studies are needed in this area-studies with improved methods and with information that can permit analyses of possible interaction with other risk factors for myocardial infarction as well as of possible biological mechanisms.
We thank Ms Gunnel Gråbergs for computer assistance. The study was supported by grant number 91-1368 from the Swedish Work Environment Fund. 
